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CAMERA AND IMAGE PICK-UP DEVICE 
UNIT HAVING AN OPTICAL MEMBER 
THAT IS VIBRATED TO REMOVE DUST 

This application claims the bene?t of Japanese Applica 
tion No. 2002-221899 ?led on Jul. 30, 2002, the entire 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image pick-up device 

unit having an image pick-up device for obtaining an image 
signal corresponding to light irradiated on a photoelectri 
cally converting surface thereof or a camera having the 
image pick-up device unit. More particularly, the present 
invention relates to the improvement of a camera, such as an 
interchangeable single-lens re?ex digital camera. 

2. Description of the Related Art 
Recently, digital cameras such as a so-called digital still 

camera or a digital video camera (hereinafter, referred to as 
a digital camera or simply referred to as a camera) are 
generally put into practical use and are Widely spread. In the 
digital cameras, a subject image formed based on beams 
from a subject (hereinafter, referred to as subject beams), 
Which are transmitted through a photographing optical sys 
tem (also referred to as a photographing lens) is formed onto 
a photoelectrically converting surface of a solid image 
pick-up device arranged at a predetermined position, such as 
a CCD (Charge Coupled Device, hereinafter, simply referred 
to as an image pick-up device). Further, an electrical image 
signal or the like representing a desired subject image is 
generated by using an photoelectrically converting action of 
the image pick-up devices. A signal based on the image 
signal and the like are outputted to a predetermined display 
device such as an LCD (Liquid Crystal Display) and an 
image or the like is displayed. The image signal or the like 
generated by the image pick-up device is recorded to a 
predetermined recording area of a predetermined recording 
medium as predetermined-format image data. Further, the 
image data recorded to the recording medium is read and the 
image data is converted to become an image signal Which is 
optimum for a display using the display device. Thereafter, 
an image corresponding thereto is displayed based on the 
processed image signal. 

In general, digital cameras have an optical ?nder device 
for observing, prior to a photographing operation, a desired 
subject as a photographing target and for setting a photo 
graphing range including the subject. 

In general, a so-called single-lens re?ex ?nder device is 
used as the optical ?nder device. In this single-lens re?ex 
?nder device, the advancing direction of the subject beams 
transmitted through the photographing optical system is bent 
by using a re?ecting member arranged on the optical axis of 
the photographing optical system such that the subject image 
for observation is formed at a predetermined position. On 
the other hand, upon the photographing operation, the 
re?ecting member is evacuated from the optical axis of the 
photographing optical system, thereby guiding the subject 
beams onto a light receiving surface of the image pick-up 
device, that is, onto a photoelectrically converting surface 
thereof and forming the subject image for photographing on 
the photographically converting surface. 

Furthermore, recently, a so-called interchangeable lens 
digital camera having the single-lens re?ex ?nder device is 
generally put into practical use. In the interchangeable lens 
digital camera, the photographing optical system is detach 
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2 
able to a camera main body, and a plurality of types of the 
photographing optical systems are selectively used in the 
single-camera main body by arbitrarily detaching and 
exchanging a desired photographing optical system in accor 
dance With user’s desire. 

In the above-mentioned interchangeable lens digital cam 
era, dust and the like ?oating in the air possibly enter the 
camera main body upon detaching the photographing optical 
system from the camera main body. Various mechanisms 
Which are mechanically operated such as a shutter and a stop 
mechanism are arranged in the camera main body and thus, 
dangerously, the dust is possibly generated from the various 
mechanisms during the operation. 
Upon detaching the photographing optical system from 

the camera main body, the light receiving surface (also 
referred to as the photoelectrically converting surface) of the 
image pick-up device arranged in the rear of the photograph 
ing optical system is exposed in the ambient air of the 
camera. Therefore, dust and the like are adhered to the 
photographing converting surface of the image pick-up 
device due to electric charge action and the like. 

Then, for the conventional single-lens re?ex digital cam 
eras, for example, Japanese Unexamined Patent Application 
Publication No. 2000-29132 proposes a technology for 
suppressing the adhesion of dust and the like on the light 
receiving surface of the image pick-up device due to the 
electric charge action. 
Means disclosed in Japanese Unexamined Patent Appli 

cation Publication No. 2000-29132 suppresses the adhesion 
of dust and the like onto the light receiving surface of the 
image pick-up device due to the electric charge action by 
providing a transparent electrode onto the surface of a cover 
member for covering the light receiving surface of the image 
pick-up device provided in the camera and by applying to 
the transparent electrode a DC voltage or an AC voltage With 
several kHZ to 20 kHZ. 
The means for neutraliZing electric charges generated to 

the image pick-up device disclosed in the above publication 
suppresses the adhesion of dust and the like onto the light 
receiving surface of the image pick-up device due to static 
electricity. 
On the other hand, as the image pick-up device in the 

conventional digital cameras, a packaged image pick-up 
device (e.g., referred to as a packaged CCD) is Widely used. 
In addition to the above-mentioned image pick-up device, 
recently, the supply of a so-called bare CCD chip is pro 
posed. 

For example, Japanese Unexamined Patent Application 
Publication No. 9-130654 discloses means for shaking off 
dust and the like Which are adhered to the photoelectrically 
converting surface by providing a member for vibration such 
as a pieZoelectric element betWeen the bare chip CCD and 
a substrate on Which the bare chip CCD is placed and by 
applying a predetermined voltage to the member for vibra 
tion because dust and the like are much likely to adhere onto 
the photoelectrically converting surface in the bare chip 
CCD in many cases. 

HoWever, the means disclosed in Japanese Unexamined 
Patent Application Publication No. 2000-29132 suppresses 
the adhesion of dust and the like by neutraliZing electric 
charges of the electrostatically-charged image pick-up 
device. Consequently, the means is not optimum as means 
for removing dust Which is adhered or deposited to the 
photoelectrically converting surface of the image pick-up 
device, irrespective of the static electricity. 

Moreover, the means disclosed in Japanese Unexamined 
Patent Application Publication No. 9-130654 can not be 
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optimally applied to the image pick-up device such as the 
packaged CCD generally used for the conventional digital 
cameras because the means is devised in vieW of the bare 
chip CCD. 

In other Words, When the means disclosed in Japanese 
Unexamined Patent Application Publication No. 9-130654 is 
applied to the general packaged CCD or the like, vibrations 
to the image pick-up device or the package are applied. 
Thus, there is a possibility that the vibrating action adversely 
in?uences on various mechanisms arranged to the image 
pick-up device and near it, for example, causes the deterio 
ration in mechanisms and the occurrence of errors. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a camera having a dust-proo?ng member at a 
predetermined position in front of an image pick-up device, 
in Which the number of members arranged betWeen a 
photographing optical system and the image pick-up device 
is reduced, and a high degree of freedom is ensured on 
optical design of the photographing optical system by reduc 
ing the siZe of a camera main body unit, and particularly, by 
reducing the dimension in the depth direction of the camera 
main body unit and by decreasing a ?ange back. And it is 
also an object of the invention to provide an image pick-up 
device unit used for the camera. 

Brie?y, according to a ?rst aspect of the invention, a 
camera comprises: an image pick-up device Which obtains 
an image signal corresponding to beams irradiated onto a 
photoelectrically converting surface thereof; a photograph 
ing lens Which inputs a subject image onto the photoelec 
trically converting surface of the image pick-up device; a 
dust-proo?ng member comprising a transparent portion 
through Which a visible light component is transmitted 
among the beams incident from the photographing lens and 
Which absorbs an infrared component, opposed to the front 
of the image pick-up device at a predetermined interval; a 
member for vibration arranged at a peripheral portion of the 
dust-proo?ng member, Which applies vibrations to the dust 
proo?ng member; a sealing structure portion arranged at a 
portion formed by opposing the image pick-up device and 
the dust-proo?ng member, for sealing a space portion that is 
substantially sealed at peripheral portions of the image 
pick-up device and the dust-proo?ng member; and an image 
signal processing circuit Which converts an image signal 
obtained from the image pick-up device, corresponding to 
an image formed onto the photoelectrically converting sur 
face of the image pick-up device, into a signal suitable to 
recording. 

According to a second aspect of the invention, an image 
pick-up device unit comprises: an image pick-up device 
Which obtains an image signal corresponding to beams 
irradiated onto a photoelectrically converting surface 
thereof; an optical member opposed to the front of the image 
pick-up device at a predetermined interval, Which absorbs an 
infrared component; a member for vibration arranged at a 
peripheral portion of the optical member, Which applies 
vibrations to the optical member; and a sealing structure 
portion arranged at a portion formed by opposing the image 
pick-up device and the optical member, for sealing a space 
portion that is substantially sealed at peripheral portions of 
the image pick-up device and the optical member. 

According to a third aspect of the invention, a camera 
comprises: an image pick-up device Which obtains an image 
signal corresponding to beams irradiated onto a photoelec 
trically converting surface thereof; a photographing lens 
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4 
Which inputs a subject image onto a photoelectrically con 
verting surface of the image pick-up device; a dust-proo?ng 
member having a transparent portion through Which a vis 
ible light component is transmitted among beams incident 
from the photographing lens and Which limits the transmis 
sion of a predetermined high spatial frequency component, 
opposed to the front of the image pick-up device at a 
predetermined interval; a member for vibration arranged to 
a peripheral portion of the dust-proo?ng member, Which 
applies vibrations to the dust-proo?ng member; a sealing 
structure portion arranged at a portion formed by opposing 
the image pick-up device and the dust-proo?ng member, for 
sealing a space portion that is substantially sealed at periph 
eral portions of the image pick-up device and the dust 
proo?ng member; and an image signal processing circuit 
Which converts an image signal obtained from the image 
pick-up device, corresponding to an image formed onto the 
photoelectrically converting surface of the image pick-up 
device, into a signal suitable to recording. 

According to a fourth aspect of the invention, an image 
pick-up device unit comprises: an image pick-up device 
Which obtains an image signal corresponding to beams 
irradiated onto a photoelectrically converting surface 
thereof; an optical member opposed to the front of the image 
pick-up device at a predetermined interval, the optical 
member limits the transmission of a predetermined high 
spatial frequency component; a member for vibration 
arranged at a peripheral-portion of the optical member, 
Which applies vibrations to the optical member; and a 
sealing structure portion arranged at a portion formed by 
opposing the image pick-up device and the optical member, 
for sealing a space portion that is substantially sealed at 
peripheral portions of the image pick-up device and the 
optical member. 
The above-mentioned and other objects and bene?ts of 

the present invention Will be obvious from the folloWing 
detailed description. 

According to the present invention, there are provided the 
camera having the dust-proo?ng member at the predeter 
mined position in front of the image pick-up device and the 
image pick-up device unit used for the camera. In the 
camera, the number of members arranged betWeen a pho 
tographing optical system and an image pick-up device is 
reduced, and a high degree of freedom is ensured on optical 
design of the photographing optical system by reducing the 
siZe of the camera main body unit, and particularly, by 
reducing the dimension in the depth direction of the camera 
main body unit and by decreasing a ?ange back. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW schematically shoWing the 
internal structure of a camera by cutting off a part of the 
camera according to a ?rst embodiment of the present 

invention; 
FIG. 2 is a block diagram schematically mainly shoWing 

the electrical structure of the camera shoWn in FIG. 1; 
FIG. 3 is a diagram shoWing by extracting a part of an 

image pick-up device unit in the camera shoWn in FIG. 1, 
that is, a main-part exploded perspective vieW shoWing the 
disassembled image pick-up device unit; 

FIG. 4 is a perspective vieW shoWing a cut-off part of the 
assembled image pick-up device unit in the camera shoWn in 
FIG. 1; 

FIG. 5 is a sectional vieW along a cut-off plane of FIG. 4; 
FIG. 6 is a front vieW shoWing by extracting only a 

dust-proo?ng member and a pieZoelectric element inte 
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grated With the dust-proo?ng member in the image pick-up 
device unit in the camera shown in FIG. 1; 

FIG. 7 is a sectional vieW along a line 7i7 shoWn in FIG. 
6, shoWing one example of the change in status of the 
dust-proo?ng member and the piezoelectric element upon 
applying a voltage to the pieZoelectric element shoWn in 
FIG. 6; 

FIG. 8 is a sectional vieW along a line 8i8 shoWn in FIG. 
6, shoWing another example of the change in status of the 
dust-proo?ng member and the pieZoelectric element upon 
applying the voltage to the pieZoelectric element shoWn in 
FIG. 6; 

FIG. 9 is a front vieW shoWing by extracting only the 
dust-proo?ng member and the pieZoelectric element inte 
grated With the dust-proo?ng member in the image pick-up 
device unit in the camera shoWn in FIG. 1; 

FIG. 10 is a sectional vieW along a line 10i10 shoWn in 
FIG. 9, shoWing another example of the change in status in 
the dust-proo?ng member and the pieZoelectric element 
upon applying the voltage to the pieZoelectric element 
shoWn in FIG. 9; 

FIG. 11 is a sectional vieW along a line 11i11 shoWn in 
FIG. 9, shoWing another example of the change in status of 
the dust-proo?ng member and the pieZoelectric element 
upon applying the voltage to the pieZoelectric element 
shoWn in FIG. 9; 

FIG. 12 is a perspective vieW shoWing a dust-proo?ng 
glass and a member for vibration Which is adhered to the 
dust-proo?ng glass in an image pick-up device unit in a 
camera according to a second embodiment of the present 

invention; 
FIG. 13 is a longitudinal sectional vieW along a line 

13i13 shoWn in FIG. 12; 
FIG. 14 is a perspective vieW shoWing by extracting a 

dust-proo?ng glass and a member for vibration Which is 
adhered to the dust-proo?ng glass in an image pick-up 
device unit in a camera according to a third embodiment of 

the present invention; 
FIG. 15 is a longitudinal sectional vieW along a line 

15i15 shoWn in FIG. 14; 
FIG. 16 is a perspective vieW shoWing by extracting a 

dust-proo?ng glass and a member for vibration Which is 
adhered to the dust-proo?ng glass in an image pick-up 
device unit in a camera according to a fourth embodiment of 

the present invention; 
FIG. 17 is a longitudinal sectional vieW along a line 

16i16 in FIG. 15. 
FIG. 18 is a perspective vieW shoWing by extracting a part 

of an image pick-up device unit in a camera, that is, a cut-off 
part of the assembled image pick-up device unit according 
to a ?fth embodiment of the present invention; and 

FIG. 19 is a sectional vieW along a cut-off plane shoWn in 
FIG. 18. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First, a description is given of the schematic structure of 
a camera according to a ?rst embodiment of the present 
invention. 

FIGS. 1 and 2 are diagrams shoWing the schematic 
structure of the camera according to the ?rst embodiment of 
the present invention. FIG. 1 is a perspective vieW sche 
matically shoWing the internal structure of a cut-off part of 
the camera, and FIG. 2 is a block diagram schematically 
shoWing mainly the electrical structure of the camera. 
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6 
According to the ?rst embodiment, a camera 1 comprises 

a camera main body unit 11 and a lens barrel 12 Which are 
provided separately. The camera main body unit 11 and the 
lens barrel 12 are detachable to each other. 
The lens barrel 12 holds a photographing optical system 

(photographing lenses) 12a comprising a plurality of lenses 
and a driving mechanism of the photographing lenses. The 
photographing optical system 1211 comprises a plurality of 
optical lenses for forming a subject image formed by subject 
beams by transmitting the beams from a subject at a prede 
termined position (at a predetermined position on a photo 
electrically converting surface of an image pick-up device 
27, Which Will be described later). The lens barrel 12 is 
projected toWard the front side of the camera main body unit 
11. 
The lens barrel 12 uses generally-used ones in conven 

tional cameras. Therefore, a description of the detailed 
structure is omitted. 
The camera main body unit 11 is a so-called single-lens 

re?ex camera comprising various members therein, and is 
further having a photographing optical system attaching unit 
(referred to as a photographing lens attaching unit) 11a in 
front thereof as a connecting member for detachably arrang 
ing the lens barrel 12 for holding the photographing optical 
system 12a. 

In other Words, an opening for exposure having a prede 
termined diameter for guiding the subject beams in the 
camera main body unit 11 is formed substantially in the 
center in front of the camera main body unit 11. The 
photographing optical system attaching unit 11a is formed at 
a peripheral portion of the opening for exposure. 
The above-mentioned photographing optical system 

attaching unit 11a is arranged in front of an outer-surface 
side of the camera main body unit 11. In addition, various 
operating members for operating the camera main body unit 
11, e.g., a release button 17 for generating an instruction 
signal to start the photographing operation and the like are 
arranged at a predetermined position on an upper-surface 
portion or a back-surface portion of the camera main body 
unit 11. Since the operating members do not directly relate 
to the present invention, a description and an illustration of 
the operating members except for the release button 17 are 
omitted for the purpose of preventing the complication of 
the draWing. 

Referring to FIG. 1, in the camera main body unit 11, 
various members are arranged at predetermined positions. 
For example, the camera main body unit 11 comprises: a 
?nder device 13 forming a so-called observation optical 
system, provided for forming a desired subject image 
formed by the photographing optical system (lens) 1211 at a 
predetermined position different from that on the photoelec 
trically converting surface of the image pick-up device 27 
(refer to FIG. 2); a shutter unit 14 having a shutter mecha 
nism and the like for controlling an irradiation time and the 
like of the subject beams onto the photoelectrically convert 
ing surface of the image pick-up device 27; an image 
pick-up device unit 15 as an assembly, including the shutter 
unit 14, of the image pick-up device 27 for obtaining an 
image signal corresponding to the subject image formed 
based on the subject beams Which are transmitted through 
the photographing optical system 1211, and a dust-proo?ng 
member 21 (Which Will be described in detail later) for 
preventing the adhesion of dust and the like to the photo 
electrically converting surface of the image pick-up device 
27, arranged at a predetermined position in front of the 
photoelectrically converting surface; and a plurality of cir 
cuit boards (only a main circuit board 16 is illustrated in 
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FIG. 1) such as a main circuit board 16 on Which various 
electrical members forming an electrical circuit, e.g., an 
image signal processing circuit 1611 (refer to FIG. 2) for 
various signal processing to the image signal obtained by the 
image pick-up device 27, are mounted. 

The ?nder device 13 comprises a re?ecting mirror 13b for 
bending and guiding an optical axis of the subject beams 
transmitted through the photographing optical system 1211 to 
an observation optical system, a roof prism 13a for receiving 
the beams outputted from the re?ecting mirror 13b and for 
forming an erecting image, an ocular lens 130 for enlarging 
the image formed by the roof prism 13a and for forming an 
image optimum for observation, and the like. 

The re?ecting mirror 13b is movable betWeen a position 
evacuating from the optical axis of the photographing opti 
cal system 1211 and a predetermined position on the optical 
axis, and is arranged at a predetermined angle, e. g., 45° With 
respect to the optical axis of the photographing optical 
system 1211 in a normal status. Thus, the optical axis of the 
subject beams transmitted through the photographing optical 
system 1211 is bent by the re?ecting mirror 13b When the 
camera 1 is in the normal status, and is re?ected to the roof 
prism 13a arranged in an upper direction of the re?ecting 
mirror 13b. 
Upon executing the photographing operation of the cam 

era 1, the re?ecting mirror 13b is moved to a predetermined 
position evacuated from the optical axis of the photograph 
ing optical system 1211 during the actual exposure operation. 
Consequently, the subject beams are guided to the image 
pick-up device 27 side and irradiate the photoelectrically 
converting surface. 

The shutter unit 14 uses the same focal plane type shutter 
mechanism, driving circuit for controlling the operation of 
the shutter mechanism, etc. as those generally used in the 
conventional cameras. Therefore, a description of the 
detailed structure is omitted. 

Referring to FIG. 1, a member shoWn by reference 
numeral 28 is an image pick-up device ?xing plate 28 for 
?xing and supporting the image pick-up device 27 (Which 
Will be described later). 
As mentioned above, a plurality of circuit boards are 

arranged in the camera 1, and form various electrical cir 
cuits. Referring to FIG. 2, as the electrical structure, the 
camera 1 comprises: a CPU 41 as a control circuit for 
systematically controlling the entire camera 1; the image 
signal processing circuit 16a for performing various signal 
processing such as signal processing for converting the 
image signal obtained by the image pick-up device 27 into 
a signal suitable to a recording format; a Work memory 16b 
for temporarily recording the image signal and image data 
processed by the image signal processing circuit 16a and 
various information in associated thereWith; a recording 
medium 43 for recording the image data for recording in a 
predetermined format generated by the image signal pro 
cessing circuit 16a to a predetermined area; a recording 
medium interface 42 for electrically connecting the record 
ing medium 43 to the electrical circuits of the camera 1, a 
display unit 46 comprising a liquid crystal display device 
(LCD) for displaying the image; a display circuit 47 for 
electrically connecting the display unit 46 to the camera 1, 
receiving the image signal processed by the image signal 
processing circuit 16a, and generating an image signal for 
display optimum to the display operation by using the 
display unit 46; a battery 45 comprising a secondary battery 
such as a dry cell; a poWer supply circuit 44 for receiving 
poWer from the battery 45 or from external poWer supply 
(AC) supplied by a predetermined connection cable (not 
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shoWn), controlling the poWer to match the operation of the 
camera 1, and supplying electricity to the electrical circuits; 
and a dust-proo?ng member driving unit 48 as the electrical 
circuit for driving the dust-proo?ng member 21 included in 
the image pick-up device unit 15, comprising an oscillator, 
and the like. 

Next, a detailed description is given of the image pick-up 
device unit 15 in the camera 1 according to the ?rst 
embodiment. 

FIGS. 3 to 5 are diagrams shoWing by extracting a part of 
the image pick-up device unit in the camera 1 according to 
the ?rst embodiment. FIG. 3 is a main-part exploded per 
spective vieW shoWing the structure of the disassembled 
image pick-up device unit. FIG. 4 is a perspective vieW 
shoWing a cut-off part of the assembled image pick-up 
device unit. FIG. 5 is a sectional vieW along a cut-off plane 
shoWn in FIG. 4. 
According to the ?rst embodiment, as mentioned above, 

the image pick-up device unit 15 in the camera 1 is a unit 
comprising a plurality of members such as the shutter unit 
14. HoWever, referring to FIGS. 3 to 5, the main portion is 
only shoWn and an illustration of the shutter unit 14 is 
omitted. For the purpose of shoWing a positional relation 
ship of the members, referring to FIGS. 3 to 5, the image 
pick-up device 27 is loaded While the members are provided 
near the image pick-up device unit 15, and the main circuit 
board 16 on Which the image pick-up system electrical 
circuits comprising the image signal processing circuit 16a 
and the Work memory 16b are mounted is illustrated. The 
main circuit board 16 is one of main circuit boards generally 
used in the conventional cameras, and a detailed description 
thereof is omitted. 
The image pick-up device unit 15 comprises: the image 

pick-up device 27 comprising the CCD and the like, Which 
obtains the image signal corresponding to the light trans 
mitted-through the photographing optical system 1211 (refer 
to FIG. 1) and irradiated to the photoelectrically converting 
surface thereof; the image pick-up device ?xing plate 28 
comprising a thin-sheet member for ?xing and supporting 
the image pick-up device 27; an optical loW-pass ?lter 
(hereinafter, referred to as an optical LPF) 25 arranged on 
the side of the photoelectrically converting surface of the 
image pick-up device 27, as an optical device Which is 
formed to remove high frequency components from the 
subject beams transmitted and irradiated through the pho 
tographing optical system 12a; a loW-pass ?lter supporting 
member 26 provided in the periphery betWeen the optical 
LPF 25 and the image pick-up device 27, Which is made of 
substantially-frame-shaped elastic members; an image pick 
up device accommodating case member 24 (hereinafter, 
referred to as a CCD case 24) Which accommodates, ?xes, 
and holds the image pick-up device 27, supports the optical 
LPF 25 in contact With a peripheral portion or an adjacent 
portion of the optical LPF 25 and Which comes into closely 
contact With a dust-proo?ng member supporting member 23, 
Which Will be described later, at a predetermined portion; the 
dust-proo?ng member supporting member 23 Which is 
arranged in front of the CCD case 24 and comes into contact 
With a dust-proo?ng member 21 at a peripheral portion to an 
adjacent portion thereof and supports it; the dust-proo?ng 
member 21, Which is supported by the dust-proo?ng mem 
ber supporting member 23 and Which is arranged at a 
predetermined position at a predetermined interval to the 
optical LPF 25, in the front of the optical LPF 25 on the side 
of the photoelectrically converting surface of the image 
pick-up device 27; a pieZoelectric element 22 annularly 
arranged at a peripheral portion of the dust-proo?ng member 
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21 for applying predetermined vibrations to the dust-proof 
ing member 21, and Which comprises an electromechanical 
transducing device such as a piezoelectric ceramic; a press 
ing member 20 comprising an elastic member Which air 
tightly joints the dust-proo?ng member 21 to the dust 
proo?ng member supporting member 23; and the like. 

The image pick-up device 27 obtains the image signal 
corresponding to the subject image formed onto the photo 
electrically converting surface thereof by receiving the sub 
ject beams transmitted through the photographing optical 
system 1211 onto the photoelectrically converting surface 
thereof and by performing photoelectrically converting pro 
cessing, and applies a CCD (Charge Coupled Device) for it, 
for example. 

The image pick-up device 27 is mounted at a predeter 
mined position on the main circuit board 16 With the image 
pick-up device ?xing plate 28 interposed therebetWeen. As 
mentioned above, the image signal processing circuit 16a, 
the Work memory 16b, etc. are mounted on the main circuit 
board 16 such that an output signal from the image pick-up 
device 27, that is, the image signal obtained by the photo 
electrically converting processing is electrically transmitted 
to the image signal processing circuit 1611 or the like. 

The signal processing in the image signal processing 
circuit 1611 includes various signal processing, for example, 
processing in Which the image signal obtained from the 
image pick-up device 27, as the one corresponding to the 
image formed onto the photoelectrically converting surface 
of the image pick-up device 27 by the photographing optical 
system 1211 held in the lens barrel 12 loaded to the photo 
graphing optical system attaching unit 1111, is converted into 
a signal matching the recording. The above-mentioned sig 
nal processing is the same as processing for treating a digital 
image signal, Which is commonly performed in the general 
digital cameras. Therefore, a detailed description of various 
signal processing Which is usually executed in the camera 1 
is omitted. 

The optical LPF 25 is arranged in front of the image 
pick-up device 27 With being sandWiched by the loW-pass 
?lter supporting member 26 therebetWeen. The CCD case 24 
is arranged to cover the optical LPF 25. 

That is, an opening 240 Which is rectangular-shaped 
substantially in the center is provided for the CCD case 24. 
The optical LPF 25 and the image pick-up device 27 are 
arranged from the back side of the opening 240 therefrom. 
Referring to FIGS. 4 and 5, a step portion 2411 whose cross 
section is substantially L-shaped is formed at an inner 
peripheral portion of the back side of the opening 240. 
As mentioned above, the loW-pass ?lter supporting mem 

ber 26 made of the elastic member or the like is arranged 
betWeen the optical LPF 25 and the image pick-up device 
27. In the peripheral portion in front of the image pick-up 
device 27, the loW-pass ?lter supporting member 26 is 
arranged at a position for evacuating a valid range of the 
beams incident on the photoelectrically converting surface at 
the periphery of the image pick-up device 27 in the front 
thereof, and is abutted onto an adjacent portion of the 
periphery behind the optical LPF 25. The airtightness is 
substantially held betWeen the optical LPF 25 and the image 
pick-up device 27. Thus, elastic force generated by the 
loW-pass ?lter supporting member 26 acts to the optical LPF 
25 in the optical axis direction. 

Then, the peripheral portion in front of the optical LPF 25 
airtightly comes into contact With the step portion 24a of the 
CCD case 24. Thus, the position of the optical LPF 25 in the 
optical axis direction is regulated against the elastic force 
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Which is generated by the loW-pass ?lter supporting member 
26 and tends to displace the optical LPF 25 in the optical axis 
direction. 

In other Words, the optical LPF 25 inserted from the back 
side into the opening 240 of the CCD case 24 is subjected to 
the position regulation in the optical direction by the step 
portion 2411. Consequently, it is possible to prevent the 
optical LPF 25 from breaking aWay from the inside of the 
CCD case 24 to the front side. 
As mentioned above, after inserting the optical LPF 25 in 

the opening 240 of the CCD case 24 from the back side, the 
image pick-up device 27 is arranged on the back side of the 
optical LPF 25. In this case, the loW-pass ?lter supporting 
member 26 is sandWiched betWeen the optical LPF 25 and 
the image pick-up device 27 in the peripheral portion. 

Further, as mentioned above, the image pick-up device 27 
is mounted on the main circuit board 16 While sandWiching 
the image pick-up device ?xing plate 28 interposed. The 
image pick-up device ?xing plate 28 is ?xed to a screW hole 
24e from the back of the CCD case 24 by a screW 28b via 
a spacer 28a interposed. The main circuit board 16 is also 
?xed to the image pick-up device ?xing plate 28 by a screW 
16d via a spacer 16c interposed. 

In front of the CCD case 24, the dust-proo?ng member 
supporting member 23 is ?xed to the screW hole 24b of the 
CCD case 24 by a screW 23b. In this case, a circumferential 
groove 24d is substantially annularly formed at a predeter 
mined position in front of the CCD case 24 in the peripheral 
side thereof, as Will be described in detail in FIGS. 4 and 5. 
On the other hand, at a predetermined position on the back 
and the peripheral side of the dust-proo?ng member sup 
porting member 23, an annular convex portion 23d (not 
shoWn in FIG. 3) corresponding to the circumferential 
groove 24d of the CCD 24 is formed throughout the cir 
cumference With a substantially annular shape. Therefore, 
by ?tting the annular convex portion 23d to the circumfer 
ential groove 24d, the CCD case 24 and the dust-proo?ng 
member supporting member 23 are substantially airtightly ?t 
to in an annular area, that is, in an area in Which the 
circumferential groove 24d and the annular convex portion 
23d are formed. 
The dust-proo?ng member 21 is constituted by the. infra 

red absorbing glass Which can absorb the infrared, such as 
the ?uorine phosphoric acid glass and the like. The dust 
proo?ng member 21 is an optical member Which is circu 
larly to polygonally plate-shaped as a Whole, and Which 
forms a transparent portion as at least an area having a 
predetermined length in a radial direction from the center of 
the dust-proo?ng member 21. The transparent portion is an 
optical member Which is opposed and arranged in front of 
the optical LPF 25 at a predetermined interval. 

At the-peripheral portion of one surface of the dust 
proo?ng member 21 (at the back surface side thereof accord 
ing to the ?rst embodiment), the pieZoelectric element 22 as 
the predetermined member for vibration comprising an 
electromechanical transducing device for vibrating the dust 
proo?ng member 21 is integrally formed, by using adhering 
means such as an adhesive. The pieZoelectric element 22 
applies predetermined vibrations to the dust-proo?ng mem 
ber 21 by applying a predetermined driving voltage from the 
outside. 
The dust-proo?ng member 21 is ?xed and held by the 

pressing member 20 made of the elastic member such as a 
plate-shaped spring so as to airtightly joint to the dust 
proo?ng member supporting member 23. 
A circular or polygonal opening 23f is provided substan 

tially in the center of the dust-proo?ng member supporting 



US 7,280,145 B2 
11 

member 23. The opening 23f is set to a size large enough to 
have the subject beams Which are transmitted through the 
photographing optical system 1211 pass through, and to 
irradiate the photoelectrically converting surface of the 
image pick-up device 27 arranged at the back. 
A Wall portion 23e (refer to FIGS. 4 and 5) projecting 

toWard the front side is annularly formed at a peripheral 
portion of the opening 23f Further, a supporting portion 230 
is formed such that it projects further toWard the front side 
at the edge of the Wall portion 23e. 
A plurality of (three, according to the ?rst embodiment) 

projecting portions 2311 With a substantially rectangular 
shape are formed to project toWard the front side, near an 
outer peripheral portion in front of the dust-proo?ng mem 
ber supporting member 23. The projecting portions 2311 are 
portions formed to ?x the pressing member 20 for ?xing and 
holding the dust-proo?ng member 21. The pressing member 
20 is ?xed by fastening means such as ?xing screWs 20a to 
the edges of the projecting portions 23a. 

The pressing member 20 is a member made of the elastic 
member such as a plate spring, and a base end portion of the 
pressing member 20 is ?xed to the projecting portion 2311. 
Further, a free end portion thereof is abutted on an outer 
peripheral portion of the dust-proo?ng member 21, thereby 
pressing the dust-proo?ng member 21 toWard the side of the 
dust-proo?ng member supporting member 23, that is, in the 
optical axis direction. 

In this case, a predetermined portion of the piezoelectric 
element 22 arranged at the outer peripheral portion at the 
back of the dust-proo?ng member 21 is abutted onto the 
supporting portion 230, thereby regulating the positions of 
the dust-proo?ng member 21 and the piezoelectric element 
22 in the optical axis direction. Therefore, the dust-proo?ng 
member 21 is ?xed and held to be airtightly jointed to the 
dust-proo?ng member supporting member 23 With the 
piezoelectric element 22 interposed therebetWeen. 

In other Words, the dust-proo?ng member supporting 
member 23 is airtightly jointed to the dust-proo?ng member 
21 via the piezoelectric element 22 interposed by a pressing 
force generated by the pressing member 20. 
As mentioned above, With respect to the dust-proo?ng 

member supporting member 23 and the CCD case 24, the 
circumferential groove 24d and the annular convex portion 
23d (refer to FIGS. 4 and 5) are substantially airtightly ?xed. 
Further, the dust-proo?ng member supporting member 23 is 
airtightly jointed to the dust-proo?ng member 21 via the 
piezoelectric element 22 interposed by the pressing force 
generated by the pressing member 20. The optical LPF 25 
arranged to the CCD case 24 is substantially airtightly 
arranged betWeen the peripheral portion in front of the 
optical LPF 25 and the step portion 24a of the CCD case 24. 
Further, the image pick-up device 27 is arranged at the back 
of the optical LPF 25 via the loW-pass ?lter supporting 
member 26 interposed. The air‘tightness is substantially held 
also betWeen the optical LPF 25 and the image pick-up 
device 27. 

Therefore, in a space formed by opposing the optical LPF 
25 and the dust-proo?ng member 21, a predetermined void 
portion 51a is formed. A space portion 51b is formed on the 
peripheral side of the optical LPF 25, that is, by the CCD 
case 24, the dust-proo?ng member supporting member 23, 
and the dust-proo?ng member 21. The space portion 51b is 
a sealed space formed projecting toWard the outside of the 
optical LPF 25 (refer to FIGS. 4 and 5). Further, the space 
portion 51b is set to be Wider than the void portion 5111. A 
space containing the void portion 51a and the space portion 
51b becomes a sealing space 51 Which is substantially 
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airtightly sealed by the CCD case 24, the dust-proo?ng 
member supporting member 23, the dust-proo?ng member 
21, and the optical LPF 25 as mentioned above. 
As mentioned above, according to the ?rst embodiment, 

the image pick-up device unit 15 in the camera has the 
sealing structure portion forming the sealing space 51 Which 
is substantially sealed and Which is formed at the peripheral 
portions of the optical LPF 25 and the dust-proo?ng member 
21, including the void portion 51a. The sealing structure 
portion is arranged to the outside the peripheral portion or 
the adjacent portion of the optical LPF 25. 

Further, according to the ?rst embodiment, the sealing 
structure portion further comprises the dust-proo?ng mem 
ber supporting member 23 for supporting the dust-proo?ng 
member 21 in contact With the peripheral portion or the 
adjacent portion thereof, the CCD case 24 Which supports 
the optical LPF 25 in contact With the peripheral portion or 
the adjacent portion thereof and Which is arranged airtightly 
in contact With the dust-proo?ng member supporting mem 
ber 23 at the predetermined portion of the CCD case 24, and 
the like. 

According to the ?rst embodiment, the camera With the 
above-mentioned structure is constructed such that the dust 
proo?ng member 21 is opposed to a predetermined position 
in front of the image pick-up device 27, and the sealing 
space 51 is sealed at the peripheries of the photoelectrically 
converting surface of the image pick-up device 27 and the 
dust-proo?ng member 21. Consequently, the adhesion of 
dust, etc. to the photoelectrically converting surface of the 
image pick-up device 27 is prevented. 

In this case, by applying a periodic voltage to the piezo 
electric element 22 arranged integrally With the peripheral 
portion of the dust-proo?ng member 21 and by applying 
predetermined vibrations to the dust-proo?ng member 21, 
dust and the like adhered to an exposure surface in front of 
the dust-proo?ng member 21 are removed. 

FIG. 6 is a front vieW shoWing by extracting only the 
dust-proo?ng member 21 and the piezoelectric element 22 
arranged integrally thereWith in the image pick-up device 
unit 15 in the camera 1. FIGS. 7 and 8 shoWs the change in 
status of the dust-proo?ng member 21 and the piezoelectric 
element 22 upon applying a driving voltage to the piezo 
electric element 22 shoWn in FIG. 6. FIG. 7 is a sectional 
vieW along a line 7i7 shoWn in FIG. 6, and FIG. 8 is a 
sectional vieW along a line 8&8 shoWn in FIG. 6. 
When a negative (—) voltage is applied to the piezoelectric 

element 22, the dust-proo?ng member 21 is modi?ed as 
shoWn by a solid line in FIGS. 7 and 8. On the other hand, 
When a positive (+) voltage is applied to the piezoelectric 
element 22, the dust-proo?ng member 21 is modi?ed as 
shoWn by a dotted line in FIGS. 7 and 8. 

In this case, an amplitude is substantially equal to zero at 
a node upon vibrations as shoWn by reference symbol 21a 
shoWn in FIGS. 6 to 8. Thus, the supporting portion 230 of 
the dust-proo?ng member supporting member 23 is abutted 
onto a portion corresponding to the node 2111. Consequently, 
the dust-proo?ng member 21 is efficiently supported Without 
reducing the vibrations. 

In this status, the dust-proo?ng member driving unit 48 is 
controlled at a predetermined timing and the periodic volt 
age is applied to the piezoelectric element 22, thereby 
vibrating the dust-proo?ng member 21. Thus, it is possible 
to remove dust and the like adhered to the surface of the 
dust-proo?ng member 21. 
A resonant frequency in this case is determined depending 

on the plate thickness, the material, and the shape of the 
dust-proo?ng member 21. In one example shoWn in FIGS. 
















